IN THE CLAIMS ; 



1. (currently amended) A quartz crystal tuning fork 
raoonator - , — capable resonator capable of vibrating in a 
flexural mode, the quartz crystal tuning fork resonator 
comprising: 

a plurality of quartz crystal tuning fork tines for 
undergoing vibration in an inverse phase , each of the quartz 
crystal tuning fork tine tines having oidco and a first main 
surface and a second main surface opposite the first main 
surface, each of the first and second main surfaces having a 
central linear portion; 

a quartz crystal tuning fork baoc, to base to which 
the plurality of quartz crystal tuning fork tines are 
attached; and 

at least one groove provided formed in the central 
linear portion of each of the first and second main surfaces 
each of the plurality of each of the quartz crystal tuning 
fork tinco; tines, a width of the groove in the central linear 
portion of one of the first and second main surfaces of each 
of the quartz crystal tuning fork tines being greater than or 
equal to a distance in the width direction of the groove 
measured from an outer edge of the groove to an outer edge of 
the tuning fork tine. 

at least one firot cloctrodc provided inoido each 
groove ; — aftd 
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g L l L. a: . t onr o c u u ud cl r ntmac prov irin a u a the ni in n 

of the tuning fovlt: tinoo; 

. u U x Lhat f n r c a Ll i tuni n g f ui k tine n m l i one of t hn 
l ua-t nnr ' mnn^ .n.l . liac n n oppuu i lL clpntrinnl 

po l ai ity to the cl L Ot rinnl p u larity n f u a U i ui i c n f t Un 
Icaot ono fir at olcotrodo. 

2. - 9. (canceled) 

10. (currently amended) A quartz crystal tuning 
fork .cu nat u r, cn r - iLlu u £ v ibrn t in g r^^onator ca pable of 
vibrating in a flexural mode, thP quartz crystal tuning form 

nmn prisinq: compriGing; 

a plurality of quartz crystal tuning fork tines each 

h^^vina a p H^^^litv of stppped portions; 

a quartz crystal tuning fork baoc, to base to which 
the plurality of quartz crystal tuning fork tines are 
attached; e a c h u l the gu nr U .i. . .L-n 1 -n n i n y l ui k linn- hn ^ n ng 
□top difference portiono; 

with there hning at least one first electrode 
disposed on each of two of the .Lep a i£ r.-ii ..M pnrtin n -r 
...opp^H nort ^^r,. P.ach of the quartz crystal tuning fork 
tines; and 

wiUi there bring at least one second electrode 
disposed on a side eidee of each of the quartz crystal tuning 
fork tines, ^v.^ .<^nnnd ele ctrodP o f each of th>- quartz crystal 
^.nsn» fork ^^-^^ v^^vina an p1 metrical polarity opposite to an 
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^.^r^rr■^n.^ oQi^^^^ y the first e-lectroriP of each of the 
qn;.rt7: crv °t^l tuning fork tines, aft^r 

^ u o h LU at th n n L l u a u l nn n fii u L cl c ntr nr lc and tho 



polarity -; 



11. - 26. (canceled) 



27. (currently amended) An integrated quartz crystal 
tuning fork icuu uaL u r, o■^^- ^hl. u l ^ nbrntin g resonator for 
,,^... q^.n. vibration in a flexural mode, the inte grated quartz . 
nrystal tnnina fork comprisingj. 

a plurality of individual quartz crystal tuning fork 
.couuatara, onnh resonators each capable of vibrating in a 
flexural mode, the plurality of individual rp,artz crystal 
timing fork resonators being selected from the group 
consisting of: 

iAl a quartz crystal tuning fork r cjonator, 
c apaLl. o f ^n b .a L lnj J n n f lo uuial iu-.1. . -. mr rinin g. resonator 
having a plurality of quartz crystal tuning fork Unco, each 
Luuiuj fork tinr^ tines^ach having sides and a central linear 
poxLluu, n Tnrt^ portion, a quartz crystal tuning fork ^ 

base to which the p lurality o f quartz crystal tuning fork 
tines are aLtachod; n t attached, at least one groove formed 
p,=evi4e4 in the central linear portion of each of the 
plurality of l^-r-t. crystal tuning fork tinco, at t-.ines, at 
least one first electrode dis posed in the .t least one groove 
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of each of the quartz crystal tuning fork tines, and at 
provided inoido oaoh groove; and at least one second electrode 
disposed on a side of each of the quartz crystal tuning fork 
tines, the second electrode of each of the quartz crystal 
tuning fork tines having an electrical polarity opposite to an 
electrical polarity of the first electrode of each of the 
quartz crystal tuning fork tines provided on the oidco of the 
tuning fork tinoo; — ouch that for each tuning fork tine oaoh 
one of the at loaot one oecond electrode hao an oppoaitc 
electrical polarity to the clootrical polarity of each one of 
the at leaot one firot oloGtrode ; 

(B) a quartz crystal tuning fork rooonator, 
capable of vibrating in a flexural mode, — comprioing i — a 
resonator having a plurality of quartz crystal tuning fork 
tinea; a tines, a quartz crystal tuning fork baoe, having base 
an obvcroc face and a revcrac face, — aad to which the plurality 
e# quartz crystal tuning fork tines are attached; — a attached, 

a plurality of grooves formed in provided on the quartz 
crystal tuning fork base , and where the plurality of quarts 
cryotal tuning for]c tineo are attached to the quartn cryotal 
tuning fork baoe; and a plurality of electrodcG at least one 
electrode disposed provided in each of the groovoo, — ouch that 
there io at leaot one electrode in each groove - ; grooves; 

(C) a quartz crystal tuning fork rcoonator , 
capable of vibrating in a flcxural mode - , — comprioing; a 
resonator having a plurality of quartz crystal tuning fork 
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tinco; a tines each having a plurality of stepped portions , a 
quartz crystal tuning fork baoc, to base to which the 
plurality of quartz crystal tuning fork tines are attachod; 
OQch of the quarts cryotal tuning fork tinea having g top 
difforonoo portiono; with there being attached, at least one 
first electrode disposed on each of two of the stepped 
portions of each of the quartz crystal tuning fork tines tfee 
otcp diffcrGncG portiono; with there being portions, at least 
one second electrode disposed on a side of each oidoo of the 
quartz crystal tuning fork tines, the second electrode of each 
of the quartz crystal tuning fork tines having an electrical 
polarity opposite to an electrical polarity of the first 
electrode of each of the quartz crystal tuning fork tines; 
and; such that the at least one firot clQctrode and the at 
least one oecond Glectrodc are of oppooito eloGtrical 
polarity; and 

6-r-)- (D) a combination of individual resonators 
according to at least two of A, B, and C. (A) , (B) and (C) . 

28. - 38. (canceled) 

39. (new) A quartz crystal tuning fork resonator 
according to claim 1; wherein the plurality of quartz crystal 
tuning fork tines comprises a first quartz crystal tuning fork 
tine and a second quartz crystal tuning fork tine; and wherein 
the grooves in the first and second main surfaces of each of 
the first and second quartz crystal tuning fork tines are 
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disposed opposite each other in a thickness direction of the 
first and second quartz crystal tuning fork tines. 

40. (new) A quartz crystal tuning fork resonator 
according to claim 39; wherein each of the first and second 
quartz crystal tuning fork tines has side surfaces; and 
further comprising a plurality of first electrodes each 
disposed in a respective groove of the first and second quartz 
crystal tuning fork tines, and a plurality of second 
electrodes each disposed on a respective side surface of each 
of the first and second quartz crystal tuning fork tines, the 
second electrodes of each of the first and second quartz 
crystal tuning fork tines having an electrical polarity 
opposite to an electrical polarity of the first electrodes of 
each of the quartz crystal tuning fork tines. 

41. (new) A quartz crystal tuning fork resonator 
according to claim 40; wherein the first electrode disposed in 
one of the grooves of the first quartz crystal tuning fork 
tine is connected to the second electrode disposed on one of 
the side surfaces of the second quartz crystal tuning fork 
tine such that the first electrode of the first quartz crystal 
tuning fork tine and the second electrode of the second quartz 
crystal tuning fork tine define a first electrode terminal; 
and wherein the second electrode disposed on one of the side 
surfaces of the first quartz crystal tuning fork tine is 
connected to the first electrode disposed in one of the 



-8- 



grooves of the second quartz crystal tuning form tine such 
that the second electrode of the first quartz crystal tuning 
fork tine and the first electrode of the second -quartz crystal 
tuning fork tine define a second electrode terminal. 

42. (new) A quartz crystal tuning fork resonator 
according to claim 41; wherein two of the side surfaces of 
each of the first and second quartz crystal tuning fork tines 
comprises an inner side surface and an outer side surface 
opposite the inner side surface; wherein when a direct current 
voltage is applied between the first and second electrode 
terminals, a direction of an inner electric field generated 
between the second electrode disposed on the inner side of the 
first quartz crystal tuning fork tine and the first electrode 
disposed in one of the grooves opposite to the second 
electrode disposed on the inner side of the first quartz 
crystal tuning fork tine is the same as a direction of an 
inner electric field generated between the second electrode 
disposed on the inner side of the second quartz crystal tuning 
fork tine and the first electrode disposed in one of the 
grooves opposite to the second electrode disposed on the inner 
side of the second quartz crystal tuning fork tine, and a 
direction of an outer electric field generated between a 
second electrode disposed on the outer side of the first 
tuning quartz crystal fork tine and the first electrode 
disposed in one of the grooves opposite to the second 
electrode disposed on the outer side of the first quartz 
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crystal tuning fork tine is the same as a direction of an 
outer electric field generated between the second electrode 
disposed on the outer side of the second quartz crystal tuning 
fork tine and the first electrode disposed in one of the 
grooves opposite to the second electrode disposed on the outer 
side of the second quartz crystal tuning fork tine, the 
direction of each of the inner electric fields being opposite 
to the direction of each of the outer electric fields. 

43. (new) A quartz crystal tuning fork resonator 
according to claim 42; wherein the directions of the inner and 
outer electric fields of the first and second quartz crystal 
tuning fork tines are generally along an x-axis direction of 
the quartz crystal tuning form resonator. 

44. (new) A quartz crystal tuning fork resonator 
according to claim 43; wherein no electric field is generated 
between first electrodes disposed in opposite grooves of the 
first and second quartz crystal tuning fork tines when the 
direct current voltage is applied between the first and second 
electrode terminals. 

45. (new) A quartz crystal tuning fork resonator 
according to claim 44; wherein the inner and outer sides of 
the first and second quartz crystal tuning fork tines undergo 
simultaneous deformation in opposite directions along a 
longitudinal axis of the first and second quartz crystal 
tuning fork tines. 
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46. (new) A quartz crystal tuning fork resonator 
according to claim 45; wherein when an alternating current 
voltage is applied between the first and second electrode 
terminals, the first and second quartz crystal tuning fork 
undergo vibration in a flexural mode of an inverse phase. 

47. (new) A quartz crystal tuning fork resonator 
according to claim 10; wherein the quartz crystal tuning fork 
tines comprise first and second quartz crystal tuning fork 
tines each having a first main surface and a second main 
surface opposite the first main surface, each of the first and 
second main surfaces having one of the two stepped portions; 
wherein the first electrodes disposed in the two stepped 
portions of the first quartz crystal tuning fork tine are 
connected to the second electrode disposed on the side of the 
second quartz crystal tuning fork tine to define a first 
electrode terminal; and wherein the second electrode disposed 
on the side of the first quartz crystal tuning fork tine is 
connected to the first electrodes disposed in the two stepped 
portions of the second quartz crystal tuning fork tine to 
define a second electrode terminal. 

48. (new) A quartz crystal tuning fork resonator 
according to claim 47; wherein each of the first and second 
main surfaces of each of the first and second quartz crystal 
tuning fork tines has a central linear portion; and wherein 
the two stepped portions corresponding to the first and second 
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main surfaces of each of the first and second quartz crystal 
tuning fork tines are disposed on opposite sides of the 
central linear portion. 

49. (new) A quartz crystal tuning fork resonator 
according to claim 48; wherein when an alternating current 
voltage is applied between the first and second electrode 
terminals, the first and second quartz crystal tuning fork 
undergo vibration in a flexural mode of an inverse phase, 

50. (new) A quartz crystal tuning fork resonator 
according to claim 27; wherein each of the plurality of 
individual resonators is connected to at least one other 
individual resonator of the plurality of resonators through a 
base portion, 

51. (new) A quartz crystal tuning fork resonator 
according to claim 27; wherein each of the individual quartz 
crystal tuning fork resonators differs from another of the 
individual quartz crystal tuning fork resonators at least in 
one of the shape thereof and the configuration of the 
electrodes. 

52. (new) A quartz crystal tuning fork resonator 
according to claim 27; wherein the individual quartz crystal 
tuning fork resonators are electrically connected together in 
parallel . 
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53. (new) A quartz crystal tuning fork resonator 
comprising: 

a quartz crystal tuning fork base; 

a plurality of quartz crystal tuning fork tines 
extending from the quartz crystal tuning fork base so that 
portions of the quartz crystal tuning fork base and portions 
of the quartz crystal tuning fork tines define opposite first 
and second main surfaces of the quartz crystal tuning fork 
resonator; 

a first set of grooves formed in the first and 
second main surfaces of the quartz crystal tuning fork 
resonator; 

a second set of grooves formed in the first and 
second main surfaces of the quartz crystal tuning fork 
resonator; and 

a third set of grooves formed in the first and 
second main surfaces of the quartz crystal tuning fork 
resonator and between the first and second set of grooves. 

54. (new) A quartz crystal tuning fork resonator 
according to claim 53; further comprising a first set of 
electrodes having the same polarity and each disposed in a 
respective one of the first set of grooves; and a second set 
of electrodes having the same polarity and each disposed in a 
respective one of the second set of grooves. 
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55. (new) A quartz crystal tuning fork resonator 
according to claim 54; wherein the polarity of the first set 
of electrodes is different from the polarity of the second set 
of electrodes. 

56. (new) A quartz crystal tuning fork resonator 
according to claim 54; wherein the third set of grooves 
comprises a first pair of intermediate grooves each formed on 
a respective one of the first and second main surfaces and a 
second a second pair of intermediate grooves each formed on a 
respective one of the first and second main surfaces. 

57. (new) A quartz crystal tuning fork resonator 
according to claim 56; further comprising a third set of 
electrodes having the same polarity and each disposed in a 
respective one of the first pair of intermediate grooves; and 
a fourth set of electrodes having the same polarity and each 
disposed in a respective one of the second pair of 
intermediate grooves. 

58. (new) A quartz crystal tuning fork resonator 
according to claim 57; wherein portions of the quartz crystal 
tuning fork base and portions of the quartz crystal tuning 
fork tines define opposite first and second side surfaces of 
the quartz crystal tuning fork resonator; and further 
comprising a fifth electrode disposed on the first side 
surface and a sixth electrode disposed on the second side 
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surface and having a different polarity than the fifth 
electrode. 

59. (new) A quartz crystal tuning fork resonator 
according to claim 58; wherein the second and fourth sets of 
electrodes and the fifth electrode have the same polarity; and 
wherein the first and third sets of electrodes and the sixth 
electrode have the same polarity. 

60. (new) A quartz crystal tuning fork resonator 
according to claim 59; wherein the quartz crystal tuning fork 
resonator is symmetrical about a central plane thereof. 
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